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INTRODUCTION 


This  project  involved  the  development  and  evaluation  of  an  automated  inter¬ 
ferometer  system  for  measuring  the  radius  of  curvature  and  surface  figure  of  a 
spherical  lens  surface.  An  alternative  to  the  use  of  conventional  test  glasses, 
the  new  interferometer  system  has  the  advantage  of  being  a  noncontacting  tech¬ 
nique.  The  conventional  test  glass  technique  involves  physical  contact  between 
the  test  glass  and  the  lens  surface,  a  significant  cause  of  lens  scratching  (par¬ 
ticularly  with  inexperienced  optical  inspectors). 

The  equipment  selected  for  this  program  was  the  Zygo  MK.11  Interferometer 
with  a  Digital  Radius  Scale  (DRS)  and  a  Zygo  Automated  Pattern  Processor  (ZAPP).^ 
To  evaluate  the  new  system  for  accuracy,  reliability,  and  ease  of  use,  a  program 
was  devised  to  use  the  interferometer  system  to  measure  the  curvature  and  figure 
of  various  lenses  and  compare  the  results  with  conventional  measurements. 


DISCUSSION 


Before  the  interferometer  is  used,  it  must  be  set  up  with  its  optical  axis 
aligned  parallel  to  the  DRS.  Additionally,  the  accuracy  of  the  measurements  is 
based  on  the  straightness  of  the  guide  bar  and  the  flatness  of  the  surface  on 
which  the  3-axis  mount  slides.  In  our  case,  the  horizontal  plane  offset  is  8 
inches;  therefore,  an  angular  error  of  1  arc  second  will  introduce  an  error  in 
the  measured  radius  of  40  micro-inches.  In  the  vertical  plane  the  offset  is  2 
inches;  therefore,  an  angular  error  of  1  arc  second  will  introduce  an  error  of  10 
micro-inches.  (Details  of  the  alignment  procedure  are  provided  by  the  manufac¬ 
turer  of  the  interferometer  system. 

Samples  of  master  radius  test  standards  (table  1)  obtained  from  an  in-house 
optics  shop  were  used  to  make  radius  measurements.  The  standards  were  selected 
to  represent  a  cross  section  of  lenses  typically  encountered  in  the  Army’s  inven¬ 
tory.  The  optical  shop  foreman  when  asked  about  the  technique  used  for  the  meas¬ 
urement  of  the  standards  replied  that  the  masters  do  not  need  to  be  measured, 
which  implied  that  the  masters  are  perfect.  Therefore  the  accuracy  of  the  stand¬ 
ards  was  not  known,  and  there  was  no  baseline  to  compare  our  measurements.  For 
this  reason,  calibrated  steel  balls  were  obtained  from  the  Metrology  Laboratory 
(table  2). 


^  However,  any  other  interferometer  with  the  same  associated  equipment  can  be 
used  to  take  radius  measurements  like  those  presented  in  this  report. 

2 

Zygo  Interferometer  System  Operation  -  Maintenance  Manual  and  Warranty,*’  Zygo 
Corporation,  Middlefield,  CT,  February  1980. 

3  M 

Zygo  Radius  Scale  Operation  -  Maintenance  Manual,”  Zygo  Corporation, 
Middlefield,  CT,  April  1979. 
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Three  radii  of  curvature  measurements  were  made  by  different  inspectors  on 
each  of  the  items  in  table  1,  with  the  item  under  test  being  dismounted  and  re¬ 
mounted  between  measurements.  In  addition,  three  transmission  spheres  provided 
overlapping  capability,  and  more  than  one  was  used  to  record  the  radius  measure¬ 
ments.  To  select  the  optimum  transmission  sphere  R/ number  to  fill  the  aperature 
of  a  concave  or  convex  surface,  the  R/number  of  the  surface  is  calculated  by  the 
following  formula : 


R/number  = 


Radius  of  curvature  of  surface  under  test 


Clear  aperture  of  surface  under  test 
The  transmission  spheres  used  in  this  program  were  the  f.75,  fl.5  and 


the 


f3.3. 


The  procedure  for  making  the  radius  measurements  is  straightforward  and  easy 
to  learn  without  experience  on  the  interferometer.  An  additional  advantage  of 
this  method  is  that  the  test  item  does  not  come  into  contact  with  the  transmis¬ 
sion  sphere.  The  procedures  (used  in  this  program)  may  have  some  elements  pecu¬ 
liar  to  the  Zygo  interferometer,  but  in  general  they  apply  to  any  interferometer. 

In  the  first  step,  the  transmission  sphere  is  placed  in  the  accessory  recep¬ 
tacle  of  the  interferometer  and  aligned  with  the  auto-align  system.  The  test 
lens  is  mounted  in  the  self-centering  element  holder  so  that  the  lens  surface 
faces  the  interferometer  aperture.  The  self-centering  element  holder  is  mounted 
in  a  3-axis  mount  attached  to  the  DRS  carriage. 

The  radius  of  curvature  of  either  a  concave  or  convex  surface  can  be  mea¬ 
sured.  The  center  of  curvature  of  the  test  surface  is  interf erometrically  made 
to  coincide  with  the  focus  of  the  spherical  wave  emanating  from  the  transmission 
sphere  in  figures  1  and  3  (position  1).  The  Z-axis  fine  adjustment  screw  is 

adjusted  to  optimize  the  straightness  of  the  fringes.  Final  adjustment  of  this 
screw  is  to  be  in  a  clockwise  direction  and  is  assured  by  moving  through  best 
focus  if  necessary  (position  1).  The  DRS  display  is  cleared  and  the  mount  and 
carriage  assembly  are  translated  to  place  the  test  surface  at  the  focus  of  the 
output  beam  from  the  interferometer  transmission  sphere  in  figures  2  and  3 

(position  2).  The  Z-axis  fine  adjustment  screw  of  the  mount  is  adjusted  again  to 
optimize  the  straightness  of  the  fringes.  Final  adjustment  is  to  be  in  a  clock¬ 
wise  direction  and  is  assured  by  moving  back  through  best  focus  if  necessary 
(position  2).  The  radius  of  curvature  of  the  surface  is  now  displayed  on  the 
digital  readout.  The  sign  display  will  be  plus  for  convex  samples  and  minus  for 
concave . 

The  accuracy  to  which  the  radius  of  curvature  of  a  high  quality  spherical 

surface  can  be  determined  is  a  function  of  three  things: 

1 .  The  R/number  of  the  test  surface 

2.  The  accuracy  of  judging  fringe  straightness 

3.  The  resolution  and  accuracy  of  the  radius  slide  readout 

The  R/number  is  defined  as  the  radius  of  curvature  of  the  test  surface 

divided  by  the  clear  aperture  of  the  test  surface. 


2 


The  DRS  display  is  a  half-thousandth  resolution  system;  each  increment  of 
measurement  increases  the  display  reading  by  0.0005  inches. 

Assuming  the  ability  to  judge  straightness  to  within  1/10  fringe,  the  graph 
in  figure  4  shows  the  accuracy  of  radius  measurements  as  a  function  of  the  R/num- 
ber  of  the  surface  under  test.  For  example,  an  R1.5  surface  can  be  measured  to  1 
urn,  and  an  R/7  surface  to  25  urn  (0.0001  inch). 

The  results  from  the  radius  measurements  on  the  master  radius  standards, 
listed  by  inspector  and  the  R/number  of  the  transmission  sphere  in  table  3,  show 
that  the  readings  are  repeatable  and  consistent  between  inspectors.  The  results 
also  indicate  a  discrepancy  of  34  thousandths  of  an  inch  in  the  worst  case  and 
between  2  and  4  ten-thousandths  of  an  inch  typically.  Since  the  radius  standards 
were  an  unknown,  steel  calibration  balls  were  obtained  to  further  assess  the 
capability  of  the  interferometer  system  to  measure  radii  (table  4).  The  results, 
compared  to  the  actual  reading  in  table  2,  confirm  the  accuracy  and  resolution  of 
the  interferometer  system. 


Table  1 .  Master  test  lenses 


Concave 

Convex 

(in.) 

(in.) 

-0.574 

+0.574 

-1.050 

+1 .050 

-1.651 

+1.651 

-3.232 

+3.232 

-4.275 

+5.251 

-5.251 

+6.256 

-6.256 

-14.262 

-19.330 

Table  2. 

Calibrated  steel  balls 

Nominal  size 

Measured  size 

(in.) 

(in.) 

0.500 

0.5001 

0.625 

0.62484 

0.750 

0.74997 

0.875 

0.87498 

1.000 

1.00003 
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Table  3.  Interferometer  readings  of  radius  test  standards 


Test  standard 

Inspector  Transmission  sphere  (in.) 

Measured  radii 
(in.) 

1  f.75  -3.232 

-3.2355 

-3.2355 

-3.2310 

-4.275 

-4.2760 

-4.2755 

-4.2755 

-5.251 

-5.2550 

-5.2555 

-5.2555 

fl.5  -3.232 

-3.2355 

-3.2355 

-3.2355 

+3.232 

-3.2355 

-3.2350 

-3.2355 

-4.275 

-4.2750 

-4.2750 

-4.2755 

-5.251 

-5.2550 

-5.2550 

-5.2555 

f3.3  -3.232 

-3.2355 

-3.2355 

-3.2350 

+3.232 

+3.2360 

+3.2355 

+3.2355 

-4.275 

-4.2750 

-4.2755 

-4.2750 

-5.251 

-5.2545 

-5.2545 

-5.2555 

+5.251 

+5.2525 

+5.2525 

+5.2525 
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Table  3.  (cont) 


Test  standard 

Inspector  Transmission  sphere  (in.) 

Measured  radii 
(in. ) 

2  f.75  -0.574 

-0.5730 

-0.5735 

-0.5735 

+0.574 

+0.5735 

+0.5735 

+0.5735 

-1.050 

-1 .0495 
-1.0495 
-1.0495 

+1.050 

+1.0490 

+1.0490 

+1.0490 

-1.651 

-1.6520 

-1.6520 

-1.6520 

fl.5  -1.050 

-1.0490 

-1.0490 

-1.0495 

+1.050 

-1.0490 

-1.0490 

-1.0495 

-0.574 

-0.5735 

-0.5730 

-0.5730 

+0.574 

+0.5730 

+0.5730 

+0.5730 

-1.651 

-1.6525 

-1.6525 

-1.6525 

+1.651 

+1.6520 

+1.6525 

+1.6525 

-6.256 

-6.2530 

-6.2525 

-6.2530 
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Table  3.  (cont) 


Inspector 


Transmission  sphere 


Test  standard 
(in.) 


Measured  radii 
(in.) 


-14.262 


-14.2295 

-14.2300 

-14.2290 


-19.330 


■19.3240 

■19.3245 

■19.3245 


£3.3 


-1.050 


-1.0495 

-1.0495 

-1.0490 


-(■I. 050 


■f  1.0485 
-HI. 0490 
-(■1.0490 


■1.651 


-1.6525 
-1  .6525 
-1.6525 


-1-1.651 


-1-1  .6525 
-(-1.6520 
-(-1  .6525 


-6.256 


-6.2525 

-6.2525 

-6.2525 


+6.256 


-(■6.2535 
-(■6.2535 
-(■6  .2535 


-14.212 


■14.2290 

■14.2290 

■14.2290 


-19.330 


■19.3245 

■19.3250 

■19.3245 


£.75 


-3.232 


-3.2360 

-3.2360 

-3.2355 


-4.275 


-4.2760 

-4.2755 

-4.2755 
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Table  3.  (cont) 


Test  standard 

Inspector  Transmission  sphere  (in.) 

Measured  radii 
(in.) 

-5.251 

-5.2555 

-5.2555 

-5.2560 

fl.5  -3.232 

-3.2355 

-3.2355 

-3.2355 

+3.232 

-3.2360 

-3.2355 

-3.2355 

-4.275 

-4.2750 

-4.2755 

-4.2750 

-5.251 

-5.2555 

-5.2555 

-5.2555 

-6.256 

-6.2525 

-6.2525 

-6.2530 

-14.262 

-14.2285 

-14.2285 

-14.2285 

-19.330 

-19.3250 

-19.3245 

-19.3250 

f3.3  -3.232 

-3.2355 

-3.2360 

-3.2360 

+3.232 

+3.2350 

+3.2355 

+3.2355 

-6.256 

-6.2525 

-6.2525 

-6.2525 

7 


r 


Table  3.  (cont) 


Inspector 


Transmission  sphere 


Test  standard 
(in.) 


Measured  radii 
(in.) 


+6.256  +6.2540 

+6.2540 

+6.2540 

-14.262  -14.2285 

-14.2275 

-14.2280 


-19.330 


-19.3250 

-19.3250 

-19.3250 


Table  4.  Interferometric  readings  of  calibrated  steel  balls 


Nominal  Measured 

Transmission  diameter  radii 

- ^-fhere _  (in.)  (in.) 


fl*5  0.500  0.2500 

0.2500 

0.2500 

0.625  0.3125 

0.3125 

0.3125 

0.750  0.3750 

0.3750 

0.3750 

0.875  0.4375 

0.4375 

0.4375 

1.000  0.5000 

0.5000 

0.5000 
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CONCLUSIONS 


This  project  proved  that  an  interferometer  and  radius  scale  can  be  used  to 
measure  lens  radii  readily  with  little  operator  experience.  The  interferometric 
technique  is  a  noncontact  method  of  measurement  which  eliminates  one  of  the  major 
drawbacks  of  using  test  plates.  An  additional  advantage  of  the  interferometer  is 
its  reduced  sensitivity  to  the  level  of  skill  of  an  operator,  which  avoids  the 
problem  associated  with  radius  measurements  using  test  plates.  Test  results  show 
that  the  actual  value  of  the  test  plates  can  introduce  a  sizable  error. 

The  interferometer  offers  the  additional  benefit  of  being  able  to  measure 
both  the  surface  distortion  and  the  radius  of  the  test  lens  simultaneously.  The 
interferometer  can  also  be  used  to  measure  the  surface  figure  of  many  other  t3^pes 
of  components  (e.g.,  prisms,  mirrors,  and  flats). 


RECOMMENDATIONS 


The  interferometer  is  a  worthwhile  investment  for  any  optical  shop.  Both 
versatile  and  easy  to  use,  it  eliminates  the  drawbacks  associated  with  test 
plates,  including  the  necessity  to  maintain  a  large  inventory  of  various  sizes. 
Test  results  show  that  the  interferometer  provides  a  more  reliable  measurement  of 
radius  than  the  test  glasses.  The  only  restrictions  are  the  availability  of 
transmission  spheres  and  the  length  of  the  Digital  Radius  Scale  used  to  make  the 
measurements . 
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Figure  1. 


Interferometer  setup  for  measurement  of  concave  lens  radii  (position  1) 


Figure  2. 


Interferometer  setup  for  measurement  of  concave  lens  radii  (position  2) 
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Figure  3.  Interferometer  setup  for  measurement  of  convex  lens  radii 
(positions  1  and  2) 


R/NUMBER 

Figure  4.  A  graph  of  attainable  system  accuracy  as  a  function  of  R/number 
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ATTN :  DRXSY-MP 

Aberdeen  Proving  Ground,  MD  21005-5066 
Director 

Ballistic  Research  Laboratory 
ATTN:  AMXBR-OD-ST 

Aberdeen  Proving  Ground,  MD  21005-5066 
Commander 

U.S.  Army  Troop  Support  and 

Aviation  Materiel  Readiness  Command 
ATTN:  DRSTS-PLE,  J.  Corwin  (2) 

DRSTS-Q 

DRSTS-M 

4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120 

Commander 

U.S.  Array  Natick  Research 
and  Development  Command 
ATTN :  DRDNA-EM 
Natick,  MA  01760 

Commander 

U.S.  Army  Armament,  Munitions  and 
Chemical  Command 
ATTN :  AMSMC-QAF-I( D) 

AMSMC-QAS(D),  B.  Aronowitz  (5) 
AMSMC-QAS-T(D),  G.  Zamloot  (10) 
Dover,  NJ  07801-5001 
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Coramander 

t  U.S.  Army  Mobility  Equipment  Research 

and  Development  Command 
ATTN:  DRDME-D 
DRDME-E 
DRDME-G 
DRDME~H 
DRDME-M 
DRDME~T 
DRDME-TQ 
DRDME-V 
DRDME-ZE 
DRDME-N 

Fort  Belvoir,  VA  22060 
Commander 

U.S.  Army  Tank- Automotive  Materiel 
Readiness  Command 
ATTN:  DRSTA-Q  (2) 

Warren,  MI  48090 

Commander 

U.S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  AMSMC-QA(R)  (2) 

^  AMSMC-SC(R) 

DRSAR-RDP(R) 

AMSMC-EN(R) 

\  AMSMC-QAE(R) 

AMSMC-LEP-L(R) 

Rock  Island,  IL  61299-6000 

Commander 

Rock  Island  Arsenal 

ATTN:  SMCRI-EN,  W.  M.  Kisner 

SMCRI-ENM,  W.  D.  McHenry 
SMCRI-QA 

Rock  Island,  IL  61299 
Commander 

U.S.  Armament  Research  and  Development  Center 
U.S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCAR-LC,  E.  Kelly 
SMCAR-LCA 
SMCAR-LCE 

SMCAR— SCM,  J.  D.  Corrie 
SMCAR-SCM-0,  Harry  E.  Pebly,  Jr. 

.  SMCAR-TSP,  B.  Stephans 

SMCAR-TSS  (5) 

Dover,  NJ  07801 
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Commander 

U.S*  Army  Armament,  Munitions  and 

Chemical  Command  ? 

ATTN:  AMSMC-GCL(D) 

Dover,  NJ  07801-5001 

Commander 

Chemical  Research  and  Development  Center 
U.S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCCR-SPS-I 

Aberdeen  Proving  Ground,  MD  21010-5423 
Commander 

Chemical  Research  and  Development  Center 
U.S.  Army  Armament ,  Munitions 
and  Chemical  Command 
ATTN:  SMCCR-RSP-A 

Aberdeen  Proving  Ground,  MD  21010-5423 
Commander 

Armament  Research  and  Development  Center 
U.S.  Army  Armament,  Munitions 
and  Chemical  Command 
Product  Assurance  Directorate 
ATTN:  SMCAR— Q AC— E( A) ,  W.  J.  Maurits 

Aberdeen  Proving  Ground,  MD  21010  ^ 

Chief 

Benet  Weapons  Laboratory,  LCWSL  ^ 

Armament  Research  and  Development  Center 
U.S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCAR— LCB,  T.  Moraczewski 
SMCAR-LCB-TL 
SARWV-PPI,  L.  Jette 
Watervliet,  NY  12189-5000 

Commander 

U.S.  Array  Aviation  Research 
and  Development  Command 
ATTN :  DRD AV-EXT 

DRDAV-QR 
DRDAV-QP 
DRDAV-QE 

St.  Louis,  MO  63120 
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r  Commander 

U.S.  Army  Tank- Automotive  Research 
and  Development  Command 
ATTN:  DRDTA-UL,  Technical  Library 
DRDTA-RCKM,  S.  Goodman 
DRDTA-RCKT,  J.  Fix 
DRDTA-RTAS,  S.  Catalano 
DRDTA-TTM,  W,  Moncrief 
DRDTA-ZS,  0.  Renius 
DRDTA-JA,  C.  Kedzior 
Warren,  MI  48090 

Director 

Industrial  Base  Engineering  Activity 

ATTN:  DRXIB-MT 

Rock  Island,  IL  61299 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-EDE,  B.  F.  Willis 

2800  Powder  Mill  Road 
Adlephi,  MD  20783 

Commander 

>  U.S.  Army  Test  and  Evaluation  Command 

ATTN:  DRSTE-TD 
DRSTE-ME 

\  Aberdeen  Proving  Ground,  MD  21005 

Commander 

U.S.  Army  White  Sands  Missile  Range 
ATTN:  STEWS- AD-L 
STEWS- ID 
STEWS-TD-PM 

White  Sands  Missile  Range,  NM  88002 
Commander 

U.S.  Army  Yuma  Proving  Ground 
ATTN:  Technical  Library 
Yuma,  AZ  85364 

Commander 

U.S.  Army  Tropic  Test  Center 
ATTN:  STETC-TD,  Drawer  942 
Fort  Clayton,  Canal  Zone 

Commander 

.  Aberdeen  Proving  Ground 

ATTN:  STEAP-MT 

STEAP-MT-M,  J.  A.  Feroli 
STEAP-MT-G,  R.  L.  Huddleston 
Aberdeen,  MD  21005 
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Commander 

U.s.  Army  Cold  Region  Test  Center 
ATTN:  STECR-OP-PM 
APO  Seattle  98733 

Commander 

u.s.  Army  Dugway  Proving  Ground 
ATTN :  STEDP-MT 
Dugway,  UT  84022 

Commander 

U.S.  Army  Electronic  Proving  Ground 

ATTN :  STEEP-MT 

Fort  Huachuca,  AZ  35613 

Commander 

Jefferson  Proving  Ground 
ATTN:  STEJP-TD-I 
Madison,  IN  47250 

Commander 

U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN :  STEBG-TD 
Fort  Rucker,  AL  36362 

President 

U.S.  Army  Armor  and  Engineer  Board 
ATTN:  ATZKOAE-TA 
Fort  Knox,  KY  40121 

President 

U.S.  Army  Field  Artillery  Board 
ATTN:  ATZR-BDOP 
Fort  Sill,  OK  73503 

Commander 

Anniston  Army  Depot 
ATTN:  SDSAN-QA 
Anniston,  AL  36202 

Commander 

Corpus  Christ!  Army  Depot 

ATTN:  SDSCC-MEE,  Mr.  Haggerty,  Mall  Stop  55 
Corpus  Christ!,  TX  78419 

Commander 

Letterkenny  Army  Depot 
ATTN :  SDSLE-QA 

Chambersburg,  PA  17201 
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Commander 

Lexington-Bluegrass  Army  Depot 
ATTN :  SDSLX-QA 
Lexington,  KY  40507 

Commander 

New  Cumberland  Army  Depot 

ATTN:  SDSNC-QA 

New  Cumberland,  PA  17070 

Commander 

U.S.  Army  Depot  Activity 
ATTN:  SDSTE-PU-Q  (2) 

Pueblo,  CO  81001 

Commander 

Red  River  Army  Depot 
ATTN:  SDSRR-QA 
Texarkana,  TX  75501 

Commander 

Sacramento  Army  Depot 
ATTN:  SDSSA-QA' 

Sacramento,  CA  95813 

Commander 

Savanna  Army  Depot  Activity 
ATTN:  SDSSV-S 

Savanna,  IL  61074 

Commander 
Seneca  Army  Depot 
ATTN :  SDSSE-R 

Romulus,  NY  14541 

Commander 
Sharpe  Army  Depot 
ATTN:  SDSSH-QE 

Lathrop,  CA  95330 

Commander 
Sierra  Army  Depot 
ATTN:  SDSSI-DQA- 
Herlong,  CA  96113 

Commander 

Tobyhanna  Army  Depot 
ATTN :  SDSTO-Q 
Tobyhanna,  PA  18466 
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Commander 
Tooele  Army  Depot 
ATTN:  SDSTE-QA 
Tooele,  UT  84074 

Director 

DARCOM  Ammunition  Center 
ATTN:  SARAC-~DE 
Savanna,  IL  61074 

Naval  Research  Laboratory 
ATTN:  Code  5830,  J.  M.  Krafft 
Code  2620,  Library 
Washington,  DC  20375 

Air  Force  Materials  Laboratory 
Wright-Patterson  Air  Force  Base 
ATTN:  AFML-LTM,  W.  Wheeler 
AFML-LLP ,  R.  Rowand 

Wright-Patterson  Air  Force  Base,  OH  45433 
Director 

U.S.  Army  Materials  and 
Mechanics  Research  Center 
ATTN :  DRXMR-D 
DRXMR-P 
DRXMR-S 
DRXMR-STQ  (4) 

DRXMR-PL  (2) 

DRXMR-X 
DRXMR-PD 
DRXMR-WD 
DRXMR-M  (2) 

DRXMR-ST 

DRXMR-L 

DRXMR-T 

DRXMR-E 

DRXMR-PR 

Watertown,  MA  02172 

Columbia  Research  Corporation 
1  Metropolitan  Grove  Road 
ATTN:  David  Flake  (2) 

George  Fisher  (2) 

Paul  Watson  (2) 

Gaithersburg,  MD  20760 
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